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(57) ABSTRACT

A wrist worn device includes a metal device housing and a
capacitive touch sensor. The capacitive touch sensor
includes a conductive plate which is supported by and
separated from the metal body of the device housing via an
isolation body formed of PTFE (low static relative permit-
tivity). An outer plate is formed over the conductive plate
and is formed of glass (high static relative permittivity). The
action of the isolation body is to reduce the effect of the
metal device housing on the capacitance detected by the
conductive plate. The effect of the outer plate is to try to
increase the effect of the capacitance associated with the
object being brought into proximity with the conductive
plate.

15 Claims, 3 Drawing Sheets

Capacitance
1o object

p———-

object
(e.g. Finger)

Freq=F(Cro(a) | T
T

Parasitic

14

F )
Capacitance Capacitance
. o4 onprined  ZTTT i device
Fo—> Comparator | Circuit 18 housing

Object
detect




U.S. Patent Mar. 7, 2017 Sheet 1 of 3 US 9,588,624 B2

Side View

FIG. 1




US 9,588,624 B2

Sheet 2 of 3

Mar. 7, 2017

U.S. Patent

¢ 9lId
vl 9l 8l
/ \ \\
Apoq (
s ! ~ |ejaw)
F4Ld) yopeios / Busnou
aeld 90IA8P
SAIONPUOD o AN e
P v_c_\_ Ry ¢l
OHM_Q\A \\\\\\ 7’ \\\ )/or

(w8000 0'sselb) 505" -

UoN39S-SS0I)



US 9,588,624 B2

Sheet 3 of 3

Mar. 7, 2017

U.S. Patent

(1abul4 ‘69)
J98(qo

Buisnoy
99IA3p 0}
aoueloede)

Vads

¢ Old

8l

e

undng
paud uo
aouejioede)
anisesed

T
=

108)9p
109[00

|

vz

Jojese

dwo?n

Alqu._n_

4

Y

>

108[qo 0}
aoueloede)

(Fel)

10JE]

4=bai4

1150

44



US 9,588,624 B2

1
CAPACITIVE TOUCH SENSOR WITHIN
WRIST WORN DEVICE

This application claims priority to GB Patent Application
No. 1314752.5 filed 19 Aug. 2013, the entire content of
which is hereby incorporated by reference.

BACKGROUND

This invention relates to the field of wrist worn devices.
More particularly, this invention relates to such wrist worn
devices which include a capacitive touch sensor.

It is known to provide wrist worn devices, such as smart
watches, with sensors for detecting inputs from a user. Such
a wrist worn device may have, for example, buttons which
a user presses and a touch screen responsive to user touch.
A problem within such wrist worn devices is the physically
small size of the device forcing the sensors into close
proximity with other components/parts of the device. This
can interfere with proper operation of the sensors.

SUMMARY

Viewed from one aspect the present invention provides a
wrist worn device comprising:

a device housing formed of metal;

an isolation body of electrically insulating material with a
first static relative permittivity, said isolation body
fixed to an outer portion of said device housing;

a capacitive touch sensor having a conductive plate and
configured to detect a capacitance provided between
said conductive plate and an object brought into prox-
imity to said conductive plate, said conductive plate
having an inner major surface and an outer major
surface, said conductive plate separated from said
device housing by said isolation body;

an outer plate of electrically insulating material with a
second static relative permittivity, said second permit-
tivity being greater than said first static relative per-
mittivity, said outer plate fixed to said conductive plate
via said outer major surface, said outer plate fully
covering said outer major surface.

A useful combination for a wrist worn device is to use a
device housing formed of metal and a capacitive touch
sensor carried by the device housing and configured to
detect a capacitance provided between a conductive plate of
the capacitive touch sensor and an object brought into
proximity to that conductive plate. A problem with this
arrangement is that the physical size constraints of the wrist
worn device are such that the capacitive plate is forced to be
physically close to the metal device housing and this forms
a relatively large parasitic capacitance with the conductive
plate such that a smaller change in the total capacitance
associated with the conductive plate is registered when an
object, such as a user’s finger, is brought into proximity to
the conductive plate. This reduces the signal-to-noise ratio
of the capacitive touch sensor. The present technique
addresses this problem by providing an isolation body of
electrically insulating material between the metal device
housing and the conductive plate and providing an outer
plate over the conductive plate. The isolation body is made
of an electrically insulating material with a first static
relative permittivity that is low whereas the outer plate is
made of an electrically insulating material with a second
static relative permittivity which is high. The high static
relative permittivity associated with the outer plate relative
to the low static relative permittivity associated with the
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isolation body has the effect of decreasing the effect of the
parasitic capacitance with the metal device housing relative
to the capacitance change induced by the object brought into
proximity with the conductive plate, which it is desired to
sense with the capacitive touch sensor. Thus, the signal-to-
noise ratio of the capacitive touch sensor is increased. The
outer plate of electrically insulating material also completely
covers the outer major surface of the conductive plate
thereby isolating this from the environment and providing
isolation from direct conduction between the object brought
into proximity and the conductive plate.

The isolation body in some embodiments may addition-
ally serve to fix and/or support the conductive plate to and/or
upon the device.

In some embodiments the first static relative permittivity
is less than 3. An example of a material which may be used
for the isolation body is PTFE (polytetrafluoroethylene).

In some embodiments the second static relative permit-
tivity is more than 7. An example of a material which may
be used for the outer plate is glass. The thinner this glass
may be made, the larger the maximum change of capaci-
tance due to the object brought into proximity with the
conductive plate. Accordingly, in some embodiments the
outer plate may be less than 0.001 meters in thickness and
in preferred embodiments may have a thickness of substan-
tially 0.0008 meters.

In order to improve the external appearance of the wrist
worn device when the outer plate is formed of glass, an ink
layer may be deposited between the conductive plate and the
outer plate. This ink layer is visible through the outer plate
and the ink layer prevents the conductive plate being visible
through the outer plate. Thus, the form of the conductive
plate may be hidden from the user and replaced by whatever
pattern it is desired to form with the ink layer (such as a
label/symbol for the sensor, or directions for the user).

The capacitive touch sensor may form part of a circuit in
which the capacitance provided between the conductive
plate and the object together with the capacitance between
the conductive plate and the metal body housing provide
part of a total capacitance value which controls operations to
circuit. An example of such a circuit would be an oscillator,
or a relaxation oscillator. In such embodiments, the circuit
may be configured such that as the capacitance between the
conductive plate and the metal body housing increases, a
signal-to-noise ratio with which the capacitive touch sensor
is able to detect the object is decreased. This behaviour is a
reason for using an isolation body and an outer plate having
the static relative permittivities previously discussed.

In some embodiments the circuit of which the capacitive
touch sensor forms part may use a printed circuit layer
within the device housing. This printed circuit layer typi-
cally will include a ground plane conductive layer. The
signal-to-noise ratio of the capacitive touch sensor may be
improved in some embodiments when the ground plane
conductive layer is arranged to be discontinuous proximal to
the one or more printed circuit tracks which connect the
conductive plate to the circuit thereby the reducing parasitic
capacitance associated with the ground plane adding to the
total capacitance value which controls the operation of the
circuit (and which is detected).

Viewed from another aspect the present invention pro-
vides a wrist worn device comprising:

device housing means for housing circuitry, said device

housing means formed of metal;

isolation body means for providing isolation, said isola-

tion body means formed of electrically insulating mate-
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rial with a first static relative permittivity, said isolation
body means fixed to an outer portion of said device
housing means;

capacitive touch sensor means for sensing a touch, said
capacitive touch sensor means having a conductive
plate and configured to detect a capacitance provided
between said conductive plate and an object brought
into proximity to said conductive plate, said conductive
plate having an inner major surface and an outer major
surface, said conductive plate separated from said
device housing means by said isolation body means;

an outer plate of electrically insulating material with a
second static relative permittivity, said second permit-
tivity being greater than said first static relative per-
mittivity, said outer plate fixed to said conductive plate
via said outer major surface, said outer plate fully
covering said outer major surface.

Viewed from a further aspect the present invention pro-
vides a method of forming a capacitive touch sensor within
a wrist worn device having a device housing formed of
metal, said method comprising the steps of:

fixing an isolation body of electrically insulating material
with a first static relative permittivity to an outer
portion of said device housing;

fixing a conductive plate of said capacitive touch sensor
to said isolation body; and

fixing an outer plate of electrically insulating material
with a second static relative permittivity to said con-
ductive plate, said second permittivity being greater
than said first static relative permittivity.

Viewed from a further aspect the present invention pro-

vides a wrist worn device comprising:

a device housing comprising metal;

an isolation body of electrically insulating material with a
first static relative permittivity, said isolation body
coupled to said device housing;

a capacitive touch sensor having a conductive plate and
configured to detect a capacitance provided between
said conductive plate and an object brought into prox-
imity to said conductive plate, said conductive plate
having an inner major surface and an outer major
surface, said conductive plate separated from said
device housing by said isolation body;

an outer plate of electrically insulating material with a
second static relative permittivity, said second permit-
tivity being greater than said first static relative per-
mittivity, said outer plate coupled to and covering said
outer major surface.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by
way of example only, with reference to the accompanying
drawings in which:

FIG. 1 schematically illustrates a side view of a wrist
worn device including a capacitive touch sensor;

FIG. 2 schematically illustrates a section through the
capacitive touch sensor; and

FIG. 3 schematically illustrates a circuit associated with
the capacitive touch sensor.

DESCRIPTION OF EXAMPLE EMBODIMENTS

FIG. 1 schematically illustrates a wrist worn device 2 in
the form of a smart watch. This wrist worn device includes
a device housing 4 formed of metal attached via a strap 6 to
a user’s arm. One side of the device 2 incorporates a
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capacitive touch sensor 8. This touch sensor includes a
conductive plate connected to a circuit within the device 2
as will be described later. When a user brings their finger
into proximity to the capacitive touch sensor 8 (such as
touching the sensor), this changes the capacitance associated
with the conductive plate and alters the operation of the
circuit coupled to that conductive plate. Thus, the circuit
may detect the action of bringing the object (finger) into
proximity with (touching) the capacitive touch sensor.

FIG. 2 schematically illustrates a cross-section through
the capacitive touch sensor 8. The capacitive touch sensor is
covered by an outer plate 10 of electrically insulating
material with a static relative permittivity that is relatively
high. For example, the outer plate may be made of glass with
a static relative permittivity of more than 7. Other materials
may also be used where they have a relatively high static
permittivity. The maximum change of capacitance associ-
ated with the bringing of the objects into close proximity
with the conductive plate is increased when the thickness of
the outer plate is decreased, i.e. the object can get closer to
the conductive plate. The outer plate may have a thickness
of less than 0.001 meters and in some embodiments may be
formed of glass having a thickness of substantially 0.0008
meters.

Disposed beneath the outer plate 10 there is an ink layer
12 which may be printed on the inner major surface of the
outer plate 10. This ink layer 12 prevents the conductive
plate 14 being visible through the glass outer plate 10.
Furthermore, a pattern may be formed in the ink layer 12
which is visible to a user through the transparent glass outer
plate 10 and can provide information, such as labels or
symbols indicating the nature of the touch sensor surface.

Beneath the ink layer 12 there is disposed a conductive
plate 14 which forms one plate within a notional parallel
plate capacitor which forms part of the circuit of the capaci-
tor touch sensor. The other plates include the object being
sensed and metal device housing 18. The conductive plate
14 may be formed of a thin layer of metal. An outer major
surface of the conductive plate 14 touches the ink layer and
is overlain by the glass outer plate 10. The glass outer plate
10 may completely cover the conductive plate 14 so as to
protect it from the environment and to provide electrical
insulation between the conductive plate 14 and the outside
environment.

An isolation body 16 is formed beneath and around the
sides of the conductive plate 14. This isolation body 16
serves to provide electrical insulation between the conduc-
tive plate 14 and the metal device housing 18. There is a
capacitance between the conductive plate 14 and the metal
device housing 18. The static relative permittivity of the
isolation body 16 is chosen to be relatively low so as to
reduce the size of this capacitance relative to the capacitance
between the conductive plate 14 and an object (e.g. a finger)
brought into proximity with the conductive plate on the
other side of the outer plate 10. The isolation body may be
formed of a material having a static relative permittivity of
less than 3. An example of a suitable material is PTFE
(polytetrafiuorethylene). The physically constrained size of
a wrist worn device is such that simply increasing the
spacing between the conductive plate 14 and the device
housing 18 is difficult to accommodate. Accordingly, appro-
priate choices of dielectric materials can be used so as to
reduce the capacitive effect of the metal device housing and
increase the capacitive effect of an object it is desired to
sense.

FIG. 3 schematically illustrates a circuit of which the
capacitive touch sensor forms part. In particular, the con-
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ductive plate 14 can be considered to form one plate of a
parallel of plate capacitor with the other plate being pro-
vided by an object (e.g. a finger) brought into proximity with
that conductive plate 14. Depending upon the distance
between the object and the conductive plate 14, the capaci-
tance associated with the conductive plate 14 varies.

The capacitance between the conductive plate 14 and the
device metal housing 18 is added to the total capacitance
associated with the conductive plate 14. Accordingly,
decreasing the size of the capacitance between the conduc-
tive plate 14 and the metal housing 18 relative to the
capacitance between the conductive plate 14 and the object
serves to increase the signal-to-noise ratio of the touch
sensor.

The conductive plate 14 is connected via tracks 20
crossing a circuit layer within the device housing to an
oscillator circuit 22. The parasitic capacitance associated
with these tracks 20 may be reduced by rendering discon-
tinuous a ground plane conductor within the printed circuit
layer which is proximal to this track. It will be understood
by those in this technical field that such compact printed
circuit boards typically include a ground plane for use in
controlling the capacitance associated with signal lines
passing through the printed circuit board.

The oscillator 22 (e.g. a relaxation oscillator) has an
oscillation frequency which is changed by the capacitance
coupled to the oscillator circuit 22 via the track 20. Thus, in
order to improve the signal-to-noise ratio associated with
detecting the object moving close to the conductive plate 14,
it is desirable to reduce the capacitance associated with the
metal device housing body 18 and the parasitic capacitance
under the track on the circuit layer. A comparator 24
responds to a change in the frequency generated by the
oscillator circuit 22 to indicate whether or not an object has
been detected. In particular, the comparator 24 may compare
the frequency generated by the oscillator circuit 22 with a
reference frequency and a difference in frequency above a
threshold level may indicate that an object has been placed
into proximity with the conductive plate 14, i.e. a touch is
detected.

Although illustrative embodiments of the invention have
been described in detail herein with reference to the accom-
panying drawings, it is to be understood that the invention
is not limited to those precise embodiments, and that various
changes and modifications can be effected therein by one
skilled in the art without departing from the scope and spirit
of the invention as defined by the appended claims.

I claim:

1. A wrist worn device comprising:

a device housing formed of metal;

an isolation body formed of PTFE with a first static
relative permittivity, said isolation body fixed to said
device housing;

a capacitive touch sensor having an electrically conduc-
tive plate and configured to detect a capacitance pro-
vided between said electrically conductive plate and an
object brought into proximity to said electrically con-
ductive plate, said electrically conductive plate having
an inner major surface and an outer major surface, said
electrically conductive plate separated from said device
housing by said isolation body;

an outer plate of electrically insulating material with a
second static relative permittivity, said second permit-
tivity being greater than said first static relative per-
mittivity, said outer plate fixed to said electrically
conductive plate via said outer major surface, said outer
plate fully covering said outer major surface.
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2. A wrist worn device as claimed in claim 1, wherein said
electrically conductive plate is fixed to said isolation body.

3. A wrist worn device as claimed in claim 1, wherein said
electrically conductive plate is supported by said isolation
body via said inner major surface.

4. A wrist worn device as claimed in claim 1, wherein said
first static relative permittivity is less than 3.

5. A wrist worn device as claimed in claim 1, wherein said
second static relative permittivity is more than 7.

6. A wrist worn device as claimed in claim 1, wherein said
outer plate is formed of glass.

7. A wrist worn device as claimed in claim 6, wherein an
ink layer is disposed between said electrically conductive
plate and said outer plate, said ink layer being visible
through said outer plate and said ink layer preventing said
electrically conductive plate being visible through said outer
plate.

8. A wrist worn device as claimed in claim 1, wherein said
capacitive touch sensor comprises a circuit in which said
capacitance provided between said electrically conductive
plate and said object and a capacitance between said elec-
trically conductive plate and said body housing provide part
of a total capacitance value controlling operation of said
circuit.

9. A wrist worn device as claimed in claim 8, wherein said
circuit is configured such that as said capacitance between
said electrically conductive plate and said body housing
increases a signal-to-noise ratio with which said capacitive
touch sensor is able to detect said object is decreased.

10. A wrist worn device as claimed in claim 8, wherein
said circuit uses a printed circuit layer within said device
housing, said printed circuit layer including a ground plane
conductive layer, said ground plant conductive layer being
discontinuous proximal to one or more printed circuit tracks
connecting said electrically conductive plate to said circuit
thereby reducing parasitic capacitance adding to said total
capacitance value.

11. A wrist worn device as claimed in claim 1, wherein
said outer plate has a thickness of less than 0.001 meters.

12. A wrist worn device as claimed in claim 1, wherein
said outer plate has a thickness of substantially 0.0008
meters.

13. A wrist worn device comprising:

device housing means for housing circuitry, said device

housing means formed of metal;

isolation body means for providing isolation, said isola-

tion body means formed of PTFE with a first static
relative permittivity, said isolation body means fixed to
said device housing means;

capacitive touch sensor means for sensing a touch, said

capacitive touch sensor means having an electrically
conductive plate and configured to detect a capacitance
provided between said electrically conductive plate and
an object brought into proximity to said electrically
conductive plate, said electrically conductive plate hav-
ing an inner major surface and an outer major surface,
said electrically conductive plate separated from said
device housing means by said isolation body means;

an outer plate of electrically insulating material with a

second static relative permittivity, said second permit-
tivity being greater than said first static relative per-
mittivity, said outer plate fixed to said electrically
conductive plate via said outer major surface, said outer
plate fully covering said outer major surface.

14. A method of forming a capacitive touch sensor within
a wrist worn device having a device housing formed of
metal, said method comprising the steps of:
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fixing an isolation body formed of PTFE with a first static
relative permittivity to said device housing;

fixing an electrically conductive plate of said capacitive
touch sensor to said isolation body; and

fixing an outer plate of electrically insulating material 5
with a second static relative permittivity to said elec-
trically conductive plate, said second permittivity being
greater than said first static relative permittivity.

15. A wrist worn device comprising:

a device housing comprising metal; 10

an isolation body formed of PTFE with a first static
relative permittivity, said isolation body coupled to said
device housing;

a capacitive touch sensor having an electrically conduc-
tive plate and configured to detect a capacitance pro- 15
vided between said electrically conductive plate and an
object brought into proximity to said electrically con-
ductive plate, said electrically conductive plate having
an inner major surface and an outer major surface, said
electrically conductive plate separated from said device 20
housing by said isolation body;

an outer plate of electrically insulating material with a
second static relative permittivity, said second permit-
tivity being greater than said first static relative per-
mittivity, said outer plate coupled to and covering said 25
outer major surface.
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